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FOREWORD 

This  research  was  conducted  for  the  Directorate  of  Military  Con- 
struction, Office  of  the  Chief  of  Engineers  (OCE),  under  Project  4A7- 
62719AT03,  "Architectural  Research  and  Development  in  Support  of  Mili- 
tary Facilities";  Task  01,  "Architectural  Criteria  for  Planning  and 
% Design  of  Military  Facilities  for  Meeting  Human  Requirements";  Work  Unit 

001,  " Identif ication  and  Classification  of  Human  Needs  in  the  Military 
Facility."  The  applicable  QCR  is  1.01.012.  The  OCE  Technical  Monitors  < 

were  Mr.  Richard  Cramer  and  Mr.  Robert  Shibley. 

The  work  was  performed  by  the  Architecture  Branch  (HPA),  Habit- 
ability and  Planning  Division  (HP),  U.S.  Army  Construction  Engineering 
Research  Laboratory  (CERL),  Champaign,  IL.  The  principal  investigator 
was  Dr.  Roger  L.  Brauer,  and  Mr.  Thomas  A.  Davis  was  the  associate  in- 
vestigator. Dr.  Charles  Lozar  assisted  in  completing  the  field  eval- 
uation of  the  prototype  Habitability  Data  Base. 

COL  J.  E.  Hays  is  Commander  and  Director  of  CERL  and  Dr.  L.  R. 

Shaffer  is  Technical  Director.  Mr.  Robert  Porter  is  Chief  of  HPA  and  i 

Dr.  Robert  Dinnat  is  Chief  of  HP. 
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DEVELOPMENT  OF  AN  OBJECTIVE  DEFINITION 
OF  HABITABILITY  AND  A HABITABILITY 
DATA  BASE 


1 INTRODUCTION 


Background 

Quality  Construction  Requirement  (QCR)  1.01.012,  dated  19  November 
1974,  addresses  the  problem  of  developing  procedures  to  generate,  eval- 
uate, and  communicate  criteria  which  relate  personnel  requirements  to 
architectural  requirements.  In  part,  this  QCR  specifically  calls  for 
procedures  which  (1)  identify  physical,  social,  and  psychological 
(personnel)  requirements,  (2)  identify  functional  and  technical  (arch- 
itectural) requirements,  (3)  accurately  define  relationships  between 
personnel  and  architectural  requirements  so  that  criteria  can  be  devel- 
oped from  them,  and  (4)  provide  a means  for  collecting,  analyzing, 
storing,  and  retrieving  such  relationship  data  in  order  to  support 
criteria  development  and  habitability  research. 


Purpose 

The  purpose  of  this  report  is  to  document  the  work  performed 
through  fiscal  year  1975  (FY  75)  toward  developing  the  four  procedures 
identified  as  necessary  in  QCR  1.01.012. 


Approach 

Work  on  the  four  requirements  has  been  conducted  in  two  separate 
but  interrelated  parts.  The  first  three  requirements  have  been  ad- 
dressed through  development  of  an  objective  definition  of  habitability, 
while  work  on  the  fourth  requirement  has  centered  on  development  of  a 
habitability  data  base.  Chapters  2 and  3 summarize  the  work  completed 
to  date  and  plans  for  future  work  on  the  objective  definition  of  habita- 
bility and  the  habitability  data  base,  respectively. 


^sci:;Dri,G  PA:i, 
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2 DEVELOPMENT  OF  AN  OBJECTIVE 
DEFINITION  OF  HABITABILITY 


Description 

An  objective  definition  of  habitability  is  a formalized  concept 
that  is  the  basis  for  describing  in  quantitative  terms  how  individuals, 
groups,  and  organizations  respond  or  relate  to  built  facilities.  To  be 
useful,  the  concept  must  be  formalized  to  the  extent  that  components, 
factors,  or  variables  are  identified,  logically  grouped  together,  and 
interrelated.  An  objective  definition  of  habitability  is  necessary  to 
systematically  classify  and  store  habitability  data,  generate  meaningful 
habitability  requirements  and  criteria,  develop  practical  procedures  for 
applying  habitability  criteria,  and  conduct  pragmatic  habitability 
research. 

It  is  questionable  whether  an  absolute,  objective  definition  of 
habitability  can  be  reached  because  habitability  is  dynamic.  It  is 
subject  to  changing  values  and  is  confounded  by  nebulous,  conceptual 
terms  whose  meanings  change  over  time.  Also,  new  knowledge  is  con- 
tinually being  added. 


Summary  of  Progress 

Little  prior  work  aimed  at  deriving  a practical  scheme  for  relating 
people  to  facilities  has  been  reported  in  the  literature;  thus,  this 
work  has  been  a pioneering  effort.  Despite  the  limitations  described  in 
the  previous  section,  considerable  progress  has  been  made  in  developing 
an  objective  definition  of  habitability  and  in  achieving  a useful  struc- 
ture for  identifying  characteristics  of  people  and  facilities  and  ex- 
pressing the  relationships  between  them. 

The  structure  and  elements  previously  documented’  relate  activities 
(defined  as  observable  behaviors  and  attitudes)  to  physical  character- 
istics of  facilities,  as  shown  in  Figure  1.  To  provide  necessary  back- 
ground information,  additional  categories  called  user  ari'up,  facility, 
and  •ility  irea  (function  area  or  space)  as  well  as  physical,  manage- 
ment, and  financial  constraints  were  included  with  activity-physical 
characteristic  relationship  data.  However,  detailed  lists  of  classi- 
fications within  categories  were  not  developed. 


T).  L.  Dressel  and  R.  L.  Brauer,  lyiitial  Report  on  Systenir,:  nj  Infor>na- 
tion  to  Plcntify  and  Relate  Behavior  and  Physical  Design  Parancters , 
Preliminary  Report  D-4/AD757627  (U.S.  Army  Construction  Engineering 
Research  Laboratory  [CERL],  March  1973). 
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Structure  of  relationships  between  activities  and  physical 
characteristics  of  facilities.  From  D.  L.  Dressel  and 
R.  L.  Brauer,  initial  Report  on  Sijstemizing  Information  to 
Identify  and  Relate  Behavioi'  and  Physical  Design  Panvneters , 
Preliminary  Report  D-4/AD757627  (CERL,  March  1973). 


9 


Davis'  began  developing  the  detailed  classifications  by  structuring 
a generic  classification  and  coding  scheme  based  on  terminology  found  in 
Army  and  other  literature  being  reviewed  for  input  to  the  prototype 
Habitability  Data  Rase,  figure  2 is  a schematic  representation  showing 
classifications  for  type  of  user,  type  of  environment,  type  of  relation- 
ship between  the  user  and  the  environment,  and  background  information 
about  type  of  facility. 

As  more  literature  was  reviewed,  some  modifications  to  the  struc- 
ture and  classifications  were  required.  These  changes  resulted  in  the 
updated  structure  shown  in  Figure  3 and  presented  by  Davis  in  U.S.  Army 
Construction  Engineering  Research  Laboratory  (CERE)  Interim  Report  D- 
68.' 


Further  research  led  to  viewing  the  built  environment  and  its  re- 
lationship to  individuals,  groups,  and  organizations  in  a broader  con- 
text so  that  contextual  influences  could  be  adequately  accounted  for,  as 
shown  in  Figure  4.  The  environments  shown  in  Figure  4 contain  many  of 
the  structural  elements  presented  in  Figure  1.  Relationships  between 
the  built  environment  and  people  are  not  viewed  as  directional;  thus, 
the  built  environment  is  not  seen  only  as  a dependent  variable.  This 
diagram  is  now  being  used  to  develop  detailed  lists  of  variables, 
dimensions,  and  units  of  measure  within  the  built  environment.  Next, 
lists  of  variables,  dimensions,  and  units  of  measure  will  be  developed 
for  the  physiological-psychological  environment  and  the  social -organiza- 
tional environment. 


Dire^tj o_n^  for  Future  Development 

As  discussed  earlier,  it  has  been  assumed  that  an  objective  defini- 
tion of  habitability  for  Army  personnel  can  never  be  achieved  because  of 
the  dynamic  nature  of  the  problem.  Nevertheless,  an  objective  definition 
which  structures  most  of  the  variables  involving  people  and  facilities, 
identifies  the  units  of  measure  for  each,  groups  them  in  a meaningful 
way,  and  accounts  for  the  relationships  between  them  must  be  achieved. 

As  conceptualized  by  Davis,"*  a three-step  process  can  be  employed; 
conceptual ization,  prototype  development,  and  implementation.  Once  the 
variables  and  units  of  measure  for  each  are  identified,  the  conceptu- 
alization phase  is  complete. 


'T.  A.  Davis,  "Systematizing  Man-Environment:  Toward  a Model  of  Man- 

Environment  Relations,"  Man-tlKvii’cnum-mt  .'ijatenit;,  Vol  4 (1974),  pp  181-184. 
'T.  a.  Davis,  Corujeptuiilir.atinn  of  Habitability  k'xpretufionc  foi>  the 
Habitability  Data  Baac,  Interim  Report  D-68/ADA029661  (CERE,  August 
1976). 

‘*T.  A.  Davis,  Conceptualisation  of  Habitability  Hxi'resnions  for  the 
Habitability  Data  Bane. 
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Figure  2.  Early  data  categories  for  facilities,  environments,  relationships,  and  users. 

From  T.  A.  Davis,  "Systematizing  Man-Environment  Relations,"  Man-S>ivivoK'ieK: 
S-^stens,  Vol  4 0974),  p 183.  Reprinted  with  permission  of  the  Association 
for  the  Study  of  Man-Environment  Relations,  Inc. 


Figure  3.  Detailed  structure  for  habitability  and  contextual  properties.  From 
Davis,  Conceptualization  o"'  Habi:  ah' lity  Extpressions  fov  t'ne  Habitabi 
Data  Base,  Interim  Report  b-68/ADA029661  (CERL,  August  1976). 


Figure  4.  Structural  framework  for  habitability  (the 
relationships  between  the  built  environment 
and  human  activities)  viewed  in  the  context 
of  other  environments. 
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Durinc)  the  prototype  phase,  the  concept  is  developed  to  make  the 
conceptualized  relationships  predictive.  This  can  be  accomplished  usin() 
data  reported  in  research  and  professional  literature  and  data  collected 
from  experiments  involving  people-facility  relationships.  However,  what 
is  measured  in  each  study  varies  widely;  consequently,  a systematic 
scheme  for  structuring  existing  data  and  results  must  be  formed. 
Quantified  predictability  can  be  derived  through  probability  inductions 
or  other  methods  and  expressed  in  some  form  of  matheinatical  expression."' 
Once  predictive  expressions  are  available,  they  should  be  validated 
through  field  tests  before  they  are  applied  in  an  implemention  phase. 

The  following  steps  are  appropriate  in  developing  a prototype  de- 
finition of  habitability  relationships; 

1.  Completion  of  a listing  of  variables,  dimensions  of  variables, 
and  units  of  measure  for  "completion"  of  a conceptual  definition 

2.  Identification  of  statistical  procedures  necessary  to  make 
probability  inductions 

3.  Identification  of  other  statistical  methods  for  forming  mathe- 
matical relationships 

4.  Derivation  of  mathematical  expressions  from  existing  data,  if 
possible 

5.  Where  data  do  not  exist,  conducting  additional  field  studies  as 
needed  and  feasible  to  arrive  at  mathematical  expressions 

6.  Field  testing  the  prediction  capability  of  mathematical  ex- 
pressions 

7.  Implementing  validly  defined  relationships  between  personnel 
requirements  and  architectural  requirements 

8.  Checking  validity  of  mathematical  expressions  over  time  and 
modifying  as  necessary. 

While  all  eight  steps  are  theoretically  necessary,  relationships 
are  frequently  implemented  on  the  basis  of  judgment  before  they  are 
thoroughly  validated,  although  there  is  some  risk  of  error.  In  addi- 
tion, some  of  the  more  developed  relationships  are  already  expressed  in 
mathematical  form.  Finally,  new  information  in  this  field  is  continu- 
ally being  added.  Relationships  which  are  reasonably  valid  could  be 


Davfs , I'onfycjitualir.ation  of  Habitability  Exprccciona  for'  the 
Habitability  Data  Base,  Interim  Report  D-68/ADA029661  (CERL,  August 
1976). 
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incorporated  in  existing  technical  manuals  (5-800  series),  in  the  Depart- 
ment of  Defense  Construc^tion  Criteria  Manual,^  or  in  design  guide  docu- 
ments. 


Construation  Criteria  Manual,  DOD  4270. IM  (Department  of  Defense,  1972). 
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3 DtVELOPMENT  OF  A HABITABILITY 
DATA  BASE 


Descriptioji^ 

The  Habitability  Data  Base  (HDB)  v/as  developed  to  provide  a means 
for  collecting,  analyzing,  storing,  and  retrieving  data  relating  per- 
sonnel requirements  to  archi tectural  requirements.  QCR  1.01.012  cites 
two  main  uses  for  the  HDB:  to  support  criteria  development  and  to 

support  habitability  research. 

The  HDB  supports  research  primarily  by  providing  input  for  develop- 
ment of  an  objective  definition  of  habitability  as  described  in  the  pre- 
vious chapter. 

In  supporting  criteria  development,  the  HDB  fits  into  an  overall 
scheme  for  criteria  generation,  communication,  and  evaluation.  The  data 
base  is  most  useful  in  criteria  generation,  which  is  a responsibility  of 
the  Chief  of  Engineers  (AR  415-20).^  As  shown  in  Figure  5,  human  re- 
quirements are  established  from  objectives  of  organizations , groups,  and 
individuals.  Corresponding  habitability  criteria  can  then  be  developed 
based  on  research  data  and  professional  literature,  and  can  be  judged  as 
to  whether  they  are  appropriate  to  the  requirements.  The  HDB  collects, 
classifies,  and  stores  this  literature  for  quick  access  when  needed  in 
developing  valid  habitability  criteria. 


Summary  of  Progress 

The  HDB  evolved  from  an  expressed  need  to  a prototype  system  ready 
for  evaluation.  Conceptualization  of  the  content  of  habitability  (as 
described  in  Chapter  2)  delineated  what  should  be  contained  in  an  HDB; 
i.e.,  what  should  be  collected  and  how  it  might  be  classified. 

Lane”  reviewed  available  information  systems  and  classification 
schemes'to  determine  their  applicability  to  habitability  data  and  found 
no  existing  system  capable  of  adequately  accommodating  such  data. 
Therefore,  a series  of  tasks  (Table  1)  necessary  in  developing  a pro- 
totype habitability  data  base  was  contracted  to  the  Library  Research 
Center  at  the  University  of  Illinois  at  Urbana-Champaign . 

This  series  of  tasks  has  resulted  in  a prototype  HDB  which  contains 
approximately  10,000  eighty-character  lines  of  habitability  data  on 


'^1^‘ojc.ct  'DcD'iloj'inent  and  Der.Cgn  Approval , AR  415-20  (Department  of  the 
Army,  May  1974). 

”N.  D.  Lane,  Ai>i  k'l'aluation  of  Ai'ohitcctural  i nfor»mt.ion  duotema,  Interitn 
Report  D-41/ADA001616  (CERL',  October  1974). 
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Figure  5.  Major  steps  in  habitability  criteria  generation 
and  validation. 
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Table  1 


Tasks  Completed  by  the  University  of  Illinois 
Library  Research  Center  in  Developing 
a Prototype  Habitability  Data  Base 


Task  Description 


1.  Identify  available  sources  of  literature  on  behavior  and  physi- 
cal design  and  recommend  an  optimal  search  procedure. 

2.  Assess  the  feability  of  using  the  relationship  sentence 
structure  proposed  by  CERL*  as  the  basis  for  an  information 
retrieval  system  for  environmental  and  behavioral  data. 

3.  Evaluate  the  relationship  sentence  structure  as  a basis  for 
generating  an  indexing  vocabulary  for  the  proposed  informa- 
tion system. 

4.  Identify  additional  requirements  for  planning  and  designing 
the  proposed  information  system. 

5.  Develop  a list  of  key  words  in  the  environmental  psychology 
field  as  a prerequisite  to  organizing  the  vocabulary. 

6.  Explore  ways  of  organizing  environmental  and  behavioral 
terms  into  a useful  thesaurus  for  the  proposed  information 
system. 

7.  Investigate  methods  for  operation  of  the  information  system, 
primarily  information  access  through  the  use  of  key  words. 

8.  Provide  recommendations  for  the  proposed  system. 

9.  Review  DOD  and  DA  documents  and  identify  and  classify 
physical  facilities,  architecturally  significant  sociological 
goals,  and  architectural  objectives.  Identify  a generic 
structure  for  classification  of  these  items. 


*D.  L.  Dressed  and  R.  L.  Brauer,  Initial  Repont  on  Rusteniising  In- 
J'or‘natio>i  to  Identify  and  Relate  Behavior  arul  Phyaiaal  Devian  Para- 
neterr..  Preliminary  Report  D-4/AD757627  (CERL,  March  1973). 
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Table  1 (Cont'd) 


Task 

10. 

n. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21  . 


Description 


Search  literature  published  in  1970-71  relevant  to  goals  and 
objectives  identified  in  task  9 and  identify  useful  criteria 
for  judging  whether  they  should  be  included  in  the  data  base. 

Recommend  structure,  content,  and  criteria  for  summarizing 
man-environment  relationships  determined  in  research  reports 
and  indicating  the  reliability  of  the  research  design  and 
validity  of  the  reported  data. 

Recommend  a structure  for  an  indexing  procedure. 

Recommend  a structure  and  content  of  an  appropriately  indexed 
d^a  base  and  thesaurus. 

Identify  existing  information  systems  providing  access  to 
documents  which  are  potential  sources  for  a habitability 
data  base. 

Search  the  literature  relevant  to  the  field  of  man-environ- 
ment relations  and  obtain  a minimum  of  500  documents  to 
screen  for  relevance  to  the  HDB. 

Obtain  full  copies  of  the  documents  which  the  literature 
search  indicated  should  be  evaluated  for  inclusion  in  the 
HDB. 

Uniquely  identify  each  document  and  determine  its  relevance 
to  the  HDB. 

Provide  an  abstract  for  each  relevant  document  in  the  data 
base. 

Develop  a procedure  for  selecting  man-environment  relation- 
ship statements  from  document  text,  and  code  each  statement 
to  a generic  matrix. 

Modify  and  adapt  the  natural  language  information  retrieval 
system  (known  as  SMART)  by  reprogramming  it  to  process 
habi tabi 1 i ty  data . 

Prepare  an  operational  thesaurus  for  SMART  based  on  the  sub- 
ject matter  to  be  included  in  the  HDB. 
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Table  1 (Cont'd) 


Task  Description 


22.  Develop  programs  capable  of  retrieving  habitability  data  from 
numerical  access  codes. 

23.  Keypunch,  enter,  and  store  data  from  10,000  data  cards. 

24.  Develop  access  to  the  HDB  via  currently  available  remote, 
low-speed  terminals. 

25.  Draft  two  operation  manuals  for  the  HDB: 

a.  A technical  manual  describing  procedures  for  managing 
the  HDB 

b.  A manual  describing  procedures  for  accessing  and  query- 
ing the  HDB,  written  in  simple  language  for  people  who 
are  not  trained  in  computer  terminal  operations  or  pro- 
grammi ng . 

26.  Evaluate  access  procedures,  programs,  and  equipment. 

27.  Reprogram  the  HDB  for  the  DEC-10  System. 

28.  Reprogram  the  HDB  from  batch  mode  to  interactive  mode. 

29.  Modify  access  programs  to  provide  an  AND-OR  combination  in 
interactive  mode  and  to  improve  document  identification 
displays. 

30.  Modify  manuals  to  be  compatible  with  program  changes. 


academic  facilities.  Of  the  more  than  2000  documents  whose  abstracts 
were  reviewed,  only  about  800  appeared  relevant.  Each  of  these  800  was 
read,  and  115  documents  (including  12  Department  of  Defense  (DOD)  and 
Department  of  the  Army  (DA)  documents)  were  identified  as  actually 
providing  relevant  data. 

Interactive  access  programs  using  remote  terminals  are  now  opera- 
tional. Three  programs  based  on  Boolean  algebra  logic--AND,0R,  and 
AND-OR  combination--provide  access  to  the  data  via  numerically  coded 
categories  of  data.  Access  to  bibliographic  information  on  sources  of 
data  is  provided  by  a program  called  BIBAX.  To  obtain  a complete  list- 
ing of  all  statements  stored  in  the  data  base  derived  from  specific 
documents,  a program  called  DOCAX  is  used. 

A natural  language  access  program  called  SMART  is  also  available. 

This  program  allows  system  users  to  employ  their  own  words  to  extract 
relevant  data. 

Thus,  the  HDB  has  moved  from  conceptualization  into  a prototype. 

Field  evaluation  of  the  prototype  must  be  completed  before  recommendations 
for  a final  implementable  system  are  presented. 


Summary  of  Results  of  Field  Input 

While  the  programs  for  the  prototype  HDB  were  being  written  and 
data  were  being  extracted  from  documents  and  coded,  the  University  of 
Illinois  computer  system  for  which  the  programs  were  being  written 
(called  PLORTS)  was  discontinued  and  replaced  by  a new  system  (called 
DEC  10).  The  introduction  of  the  DEC  10  system,  which  occurred  at  about 
the  time  the  programs  were  to  become  operable,  required  that  all  files 
and  programs  be  modified.  As  a result,  two  decisions  were  made.  The 
first  was  to  use  the  1-week  period  when  PLORTS  programs  were  operable  to 
obtain  field  input  from  potential  users.  The  second  was  to  modify 
programs  to  fit  the  DEC  10  system  and  use  the  field  input  in  making 
operational  improvements  at  the  same  time.  The  change  in  computer  sys- 
tems thus  delayed  field  evaluation  and  completion  of  the  prototype  phase 
but  provided  a means  for  including  access  features  which  were  not 
feasible  with  the  old  computer  system.  The  field  input  investigation 
and  results  are  summarized  below. 

Pai'tiaipants 

Individuals  at  CERL,  the  Office  of  the  Chief  of  Engineers  (OCE), 
U.S.  Army  Training  and  Doctrine  Command  (TRADOC)  Headquarters , U.S.  Army 
Forces  Command  (FORSCOM)  Headquarters,  the  Corps  of  Engineers  Norfolk 
District  office,  and  Fort  McPherson,  GA,  participated. 


f't’oaeilurea 


Participants  were  told  that  the  purpose  of  the  field  test  was  to 
obtain  their  input  and  comments.  They  wore  introduced  to  the  prototype 
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HDB  through  a brochure  (included  in  the  appendix)  describing  its  struc- 
ture, content,  and  purpose.  A telephone-coupled  computer  terminal  was 
provided  where  none  was  available.  Participants  completed  a question- 
naire before  using  the  data  base.  After  trying  out  the  data  base  (dur- 
ing which  many  technical  problems  occurred),  participants  completed 
another  questionnaire.  In  addition,  informal  comments  were  obtained 
during  the  procedures. 


The  major  results  derived  from  the  informal  comments  received  and 
impressions  formed  during  field  visits  and  from  questionnaire  responses 
were: 


1.  Expectations  were  very  high  regarding  the  possibilities  the 
computer  offered  for  quick  retrieval  of  regulations  (requirements, 
criteria,  etc.  from  DOD  Constiv^etion  Criteria  Manual,  Army  Regulations, 
Technical  Manuals,  etc.)  on  specific  facilities,  subsystems,  and  topics. 
The  interest  in  field  operations  seemed  to  be  more  for  a general  re- 
trieval system  than  for  one  on  habitability  alone. 

2.  OCE  and  CERE  personnel  showed  a general  interest  in  research 
data;  however,  others  showed  less  interest  in  such  data. 

3.  Interest  in  specific  subjects,  which  varied  from  organization 
to  organization  and  individual  to  individual,  seemed  to  be  related  to 
current  problems.  Some  participants  seemed  to  be  interested  in  com- 
piling lists  of  criteria  for  communication  to  others,  while  others  who 
were  familiar  with  criteria  in  regulations  were  interested  in  backup  or 
supplementary  Information,  particularly  where  criteria  were  not  clear. 


^ ^ i 0 n s_  for_  Future  Devel opment 

The  prototype  HDB  is  nearly  complete.  The  implementation  phase 
will  move  toward  an  operational  information  analysis  center,  as  de- 
scribed in  AR  70-22.'’ 

'orn; ■ U: tion  of  the  !'rototuf>e 

At  the  end  of  the  FY  75  work  only  two  steps  remained  before  com- 
pletion of  the  prototype  HDB:  conducting  a field  evaluation  of  the 

prototype  HDB  and  writing  a final  technical  report  on  it.  The  report 
will  provide  a complete  description,  summarize  results  of  the  field 
evaluation,  and  provide  recommendations  for  an  operational  HDB. 


ntcrr.  for  Analyr.ir  of  Oeicntifio  ayid  Techtiieal  Infortnatioyi, 
AR  70-22  (Department  of  the  Army,  March  1971). 
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Develol'ment  of  an  Information  Analysis  Center 


The  activities  of  an  information  analysis  center  for  a specific 
subject  area  are  virtually  identical  to  those  required  for  operating 
the  HDB: 

1.  Acquiring  scientific  and  technical  results  (data)  from  all 
possible  sources 

2.  Analyzing  information 

3.  Evaluating  and  condensing  information 

4.  Storing  information  in  detailed  and  condensed  forms  for  re- 
trieval by  a variety  of  users 

5.  Providing  user  services. 

An  effort  has  been  initiated  to  establish  and  fund  an  Information 
Analysis  Center  on  Man  and  the  Built  Environment.  Initial  funding  was 
requested  for  FY  76.  FY  76  and  77  would  be  devoted  to  establishing 
the  center,  with  full  operation  scheduled  for  FY  78. 

The  major  advantage  of  having  HDB  operations  funded  as  an  informa- 
tion analysis  center  is  that  it  would  not  be  necessary  to  use  research 
and  development  money  to  provide  collection,  classification,  analysis, 
and  dissemination  services  on  an  ongoing  basis.  Research  staff  members 
would  be  freed  to  apply  the  information  to  facility  delivery  problems 
rather  than  required  to  spend  time  on  collection,  classification,  storage, 
and  retrieval  problems.  However,  they  could  assist  an  information  analysis 
center  in  maintaining  content  and  structure  of  information  and  in  completing 
analyses . 

Until  funding  is  received  for  the  information  analysis  center,  some 
advance  planning  activities  are  scheduled  to  prepare  the  HDB  operations 
for  implementation;  specifically,  expanding  it  in  scope  from  the  scale 
of  the  prototype. 


^ CONCLUSIONS 


Significant  progress  is  being  made  in  developing  an  objective 
definition  of  relationships  between  personnel  requirements  and  archi- 
tectural requirements  and  in  developing  a means  for  collecting,  clas- 
sifying, storing,  retrieving,  and  analyzing  such  relationship  data. 

The  objective  definition  provides  a means  for  dealing  systematical ly 
with  habitability  data,  while  the  data  base  provides  a way  of  managing 
habitability  data.  Both  of  these  pioneering  efforts  have  evolved  to  the 
point  where  payoffs  are  imminent.  Habitability  data  can  be  incorporated 
in  Corps  of  Engineers  procedures  and  used  to  formulate  and  validate 
requirements  and  criteria. 
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APPENDIX: 


AN  INTRODUCTION  TO  THE  PROTOTYPE 
HABITABILITY  DATA  BASE 


Introduction 

This  brief  overview  of  the  Habitability  Data  Base  (HDB)  presents 
some  of  its  purposes  and  proposed  uses,  the  scope  of  the  subject  matter 
it  contains,  and  short  explanations  of  the  six  substantively  different 
access  modes.  Each  kind  of  statement  that  has  been  classified,  coded, 
and  stored  is  described. 


Purpose 

The  HDB  is  meant  to  serve  both  as  a research  tool  and  an  opera- 
tional tool  in  the  Corps  of  Engineers  facility  delivery  system. 

As  a research  tool,  the  data  base  provides  a structure  within  which 
to  collect,  classify,  and  code  data  toward  an  objective  definition  of 
( military  habitability;  i.e.,  military  personnel  needs  in  constructed 

faci 1 i ties. 

As  an  operational  tool,  the  data  base  provides  ready  access  both  to 
Army  regulations  and  to  the  general  literature  on  habitability.  It 
should  provide  information  to  support  the  four  principal  phases  in 
delivering  facilities:  planning,  programming,  design,  and  evaluation* 

(of  concepts,  designs,  and  finished  structures). 


Exclusions 

The  HDB  does  not  cover  the  entire  field  of  architecture.  Informa- 
tion primarily  concerned  with  the  art  of  design  or  with  the  specification 
of  design  solutions--i .e. , specification  of  materials,  equipment,  etc.-- 
is  specifically  excl uded.  At  present,  the  content  of  the  data  base  is 
limited  to  academic  facilities. 


Accessing  ^a t_a 

There  are  six  substantively  different  modes  of  accessing  the  data: 
(1)  DA  facility  code  numbers,  (2)  generic  habitability  words,  (3)  state- 
ment content  codes,  (4)  document  summary  statements  code,  (5)  natural 
language  (SMART)  commands,  and  (6)  bibliographic  citation  numbers. 
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1.  Habitability  data  contained  in  DA  regulations  on  the  subject  of 
academic  facilities  can  be  accessed  by  specifying  the  facility  class 
and/or  the  construction  cate^orj  and/or  the  functional  a_re^  codes. 

2.  All  habitability  data  (including  DA  regulations)  are  subject 
coded  to  a list  of  descriptions  of  occupants  and  facilities.  If  the 
topic  being  studied  contains  one  or  more  of  these  subjects,  data  about 
them  can  be  retrieved  in  either  the  "AND"  or  "OR"  mode.  The  generic 
words  are  as  follows: 

FunctiojiaJ  settjn^s  are  coded  to:  station,  room,  building,  moving 

vehicle,  constructed  outdoor,  and  natural  site. 

Environmental  topics  are  coded  to:  spatial,  climatal,  light, 

sound,  other  electromagnetic,  chemical,  particulates,  gases,  motion, 
time,  economic,  and  aesthetic. 

Oc^upajits  are  coded  to:  individual,  group,  organization,  individual 

in  group,  and  group  in  organization. 

Individual  and  group  activities  are  coded  to:  (posture)  lying, 

sitting,  standing;  ( i nvouement)  passive,  active,  interactive  with 
people,  interactive  with  things,  interactive  with  both  people  and 
things. 

Organizational  functions  are  coded  to:  administrative,  assembly, 

maintenance,  production,  research,  residence,  social  or  recreational, 
and  training. 

3.  All  habitability  data  (including  DA  regulations)  are  also  coded 

to  one  of  four  statement  content  categories:  human  reguirement,  per- 

formance criterion,  relationship  data,  and  content  data.  These  codes 
can  also  be  used  in  the  "AND"  or  "OR"  mode. 

Ilote:  All  three  of  the  above  substantively  different  access  modes 

are  structurally  alike  for  access  purposes;  i.e.,  they  are  all  accessed 
through  numeric  codes  using  either  the  "AND"  or  "OR"  mode. 

4.  All  habitability  data  (including  DA  regulations)  in  all  state- 
ment content  categories  are  accessible  via  an  HDB  document  number.  [An 
accession  number  is  assigned  to  each  document  from  which  data  are  taken.) 

5.  All  habitability  data  (including  DA  regulations)  on  lijjhtin^ 
and  color  are  also  accessible  by  using  natural  language  commands  fn' 
sentence  or  paragraph  form.  The  accessing  program  called  SMART  matches 
the  inquiry  to  the  data  base  and  prints  out  the  most  relevant  habitability 
statements. 

6.  Bibliographic  citations  are  available  for  each  habitability 
statement  via  an  HDB  document  number. 
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H^i  tabi  1 i ty  Statements 

The  word  habj^tabi lj_t/  refers  to  the  degree  of  fit  (i.e.,  the  qual- 
ity or  ef fecti venesTT  of  built  facilities  to  the  occupants  of  the 
facilities  for:  (1)  occupant  task  performance,  (2)  occupant  health  and 

safety,  and  (3)  occupant  comfort  and  satisfaction.  To  adequately  de- 
scribe this  fit  in  any  particular  situation,  data  are  needed  from  at 
least  10  different  categories:  facility,  facility  stimulus,  occupant, 

occupant  response,  the  relationships  between  stimulus  and  response, 
observation  method,  facility  environment,  functional  setting,  occupant 
activities,  and  occupant  descriptions.  Figure  A1  diagrams  the  relation- 
ships between  these  10  categories  of  data  in  a complete  habitability 
statement  and  gives  examples  of  each  category. 

The  HOB  contains  four  kinds  of  statements  about  habitability,  each 
of  which  records  several  of  the  10  categories  of  data  shown  in  Figure 
A1 . These  four  kinds  of  statement  are  relationship  data,  content  data, 
human  requirements,  and  performance  criteria.  They  are  defined  and 
diagrammed  below. 

Relationship  Data  Statements 

' Relationship  data  statements  contain  the  findings  of  descriptive 

reports  concerning  occupant  use  of  existing  built  facilities.  They  con- 
tain generic  common  names  for  the  facility  and  the  occupant,  observed 
and/or  measured  descriptions  of  the  facility  stimuli  and  occupant  re- 
sponses to  the  stimuli,  and  descriptions  of  the  relationships  between  the 
stimuli  and  responses.  Figure  A2  is  a diagram  of  the  data  categories 
used  in  relationship  data  statements  as  they  are  found  in  research  or 
descriptive  reports. 

An  example  of  a relationship  data  statement  from  a research  report 
in  the  data  base  is  as  follows: 

(HDB  code  3,  col.  19)  "Data:  The  control  group  achieved  a mean 

attention  time  of  22.4  seconds,  and  the  test  group  40.4  seconds-- 
an  increase  of  80  percent.  Furthermore,  the  test  group  excelled 
in  every  trial,  with  the  closest  level  of  attention  exceeding 
the  control  group  by  13  percent,  and  the  greatest  discrepancy 
representing  an  increase  of  153  percent. 

The  second  experiment  (attention  duration)  recorded  the  con- 
tinued attention  to  a designated  visual  aid,  after  acquisition  was 
attained.  The  test  class  attended  an  average  of  78.9  seconds-- 
54  percent  more  than  the  51.2  second  average  for  the  control 
group. 

In  the  first  trial,  with  auditory  support,  the  test  group  ex- 
ceeded the  control  group  by  25  percent  longer  attention.  In  the 
second  trial  the  test  group  exceeded  by  101  percent  longer  at- 
tention." (HDB  document  no.  415). 
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FACILITY  ENVIRONMENTS 
SPATIAL,  CLIMATAL,  ETC. 


Ficjure  A1  . Data  categories  of  habitability  statements. 


OCCUPANT  DESCRIPTORS- 

PHYS IQUE , SOCIOECONOMIC 

ETC. 

FACILITY  - WALL,  CEILING, 

FLOOR,  OPENINGS,  UTILITIES 
WITH  EQUIPMENT,  OTHER  FURNISH- 
INGS. 


FACILITY  STIMULUS-  MEASURES 
OF  DIMENSIONS  OF  THE  FACILITY 


RELATIONSHIPS-  DESCRIP- 
TIONS, CORRELATIONS  CAUSE- 
EFFECT,  FREQUENCY  COUNTS, 
RATIOS,  NECESSARY  CONDITIONS, 
PREFERENCES. 


Figure  A2.  Relationship  data  statements. 


OCCUPANT  RESPONSE-PHYSICAL 
PHYSIOLOGICAL,  OR  MENTAL 


OCCUPANT-  INDIVIDUAL,  GROUP, 
ORGANIZATION,  OR  COMBINATION 
THEREOF 
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CoKtcj't  Data  Statcnenta 

Context  data  statements  are  reports  of  the  generalization  or 
prediction  variables  which  give  a fuller  understanding  of  the  relation- 
ship data  statements.  Context  data  statements  contain  descriptions  of 
the  physical  context  in  which  the  facility  stimulus  occurred,  the 
context  (social,  psychological , etc.)  in  which  the  occupant  response 
occurred,  and  the  methodological  context  in  which  the  relationship  was 
recorded.  Figure  A3  is  a diagram  of  context  statements  which  gives 
examples  of  the  five  context  data  categories:  observation  method 

(assumptions,  procedures,  etc.),  functional  settings  (station,  room, 
etc.),  facility  environments  (spatial,  climatal,  etc.),  occupant  activi- 
ties (function,  posture,  etc.),  and  occupant  descriptions  (physique, 
socioeconomic,  etc.). 

An  example  of  a DA  context  data  statement  contained  in  the  data 
base  is  as  follows: 

(HDB  code  4,  col.  19)  "A.  Definition  of  facility.  A general 
academic  classroom  is  one  which  supports  approved  training  pro- 
grams and  provides  accommodations  only  for  classroom  lecture  and 
instruction  using  standard  chairs  with  fixed  table  arms  in 
' standard  side-by-side  arrangement,  and  space  for  instructor  sta- 

tion utilizing  small,  portable  training  aids.  Classrooms  requir- 
ing space  per  seat  greater  than  given  in  Table  3-66,  such  as 
applied  subjects  classrooms,  special  purpose  classrooms,  labora- 
tory classrooms,  or  seminar  type  classrooms,  are  not  considered 
general  academic  classrooms  for  the  purpose  of  these  criteria." 

(HDB  document  no.  0008). 

An  example  of  a context  data  statement  from  a research  report  is 
as  follows: 

(HDB  code  4,  col.  19)  "Occupants:  Two  fifth-grade  classes  of 

21  students  each  participated. 

Background : 

1.  Attention  acquisition--using  variable  lighting  as  a tool  by 
the  teacher  to  attract  or  transfer  the  attention  of  student  to 
the  proper  visual  stimulus. 

2.  Attention  duration--using  reinforcing  brightness  patterns 

' to  hold  the  attention  of  students  upon  visual  aids  used  as  a 

source  of  instruction. 

Method:  The  experiments  were  conducted  in  two  almost  identical 

classrooms,  one  with  standard  overall  lighting,  and  the  other 
with  overall  lighting,  plus  several  circuits  of  high  lighting. 

One  class  was  used  as  the  control  group,  and  the  other  exposed 
to  reinforcing  light  techniques  during  instructions.  All 
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Figure  A3.  Context  data  statements. 


V 


observations  were  made  in  specially  constructed  observation  rooms 
through  one-way  mirrors.  Class  activity  was  also  monitored  and 
recorded  on  closed  circuit  television. 


The  first  experiment  (attention  acquisition)  utilized  lesson 
exercises  requiring  20  transfers  of  attention  between  two  visual 
aids.  The  visuals  were  arranged  so  as  to  require  the  pupils  to 
turn  90  degrees  or  more  from  one  visual  to  rhe  other. 

Averages  were  derived  from  two  attention  duration  trials.  The 
first  trial  utilized  a visual  aid  with  auditory  reinforcement, 
i.e.,  the  teacher  read  from  the  visual  while  showing  it.  The 
second  trial  was  similar  but  with  the  teacher  silent."  (HDB 
document  no.  415) . 

Human  Requivement  Statements 

Human  requirement  statements,  which  are  defined  as  in  the  csi 
Manual  of  Rvaatiae'^^  contain  the  language  of  human  needs  rather  than  the 
technical  language  of  quantifiable  attributes  of  facilities.  They  are 
stipulations  of  one  (or  more)  attribute,  dimension,  setting,  or  environ- 
ment that  ought  to  be  provided  for  human  habitation  of  a facility. 
Because  they  use  the  same  data  categories,  statements  of  this  kind  are 
also  used  to  make  statements  of  habitability  objectives  for  research 
reports  or  for  reports  describing  existing  facilities.  In  the  data 
base,  these  statements  are  labeled  "objectives." 

Each  human  requirement  statement  must  contain  as  much  data  as  pos- 
sible about  the  occupant,  his/her  activities,  and  expected  or  preferred 
responses  to  facility  stimuli.  The  statement  also  stipulates  one  or 
more  of  the  following  facility  data  categories  in  order  to  accommodate 
the  occupant:  facility,  facility  dimension,  functional  setting,  and/or 

facility  environment.  Figure  A4  diagrams  objectives  for  human  require- 
ment statements  and  habitability  reports. 

As  an  example,  the  data  base  contains  the  following  DA  human 
requirement  statement  with  facility  implications: 

(HDB  code  1,  col.  19)  "5-1. 2. 8.  Special  emphasis  shall  be  placed 
on  the  quality  of  the  architectural  design  since  it  vitally 
affects  the  longevity,  economics,  usefulness,  efficiency,  attrac- 
tiveness, and  livability  of  most  facilities.  A prime  requirement 
of  the  architectural  design  shall  be  the  attractiveness  of  both 
the  interior  and  exterior  of  facilities."  (HDB  document  no.  0008). 


^CSI  Manual  of  Pnaatiae:  Perfoimianae  Spc^n.fioaiionSy  MP-35  (The 

Construction  Specifications  Institute,  Inc.,  May  1972). 
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Figure  A4.  Human  requirement  and  report  objective  statements. 


An  example  of  a research  report  objective  is  as  follows: 

(HDB  code  1,  col.  19)  "Objective:  This  study  investigates  the 

effectiveness  of  lighting  in  the  form  of  reinforcing  brightness 
patterns  as  an  aid  to  the  classroom  teacher  in  attracting  stu- 
dent attention  to,  and  holding  attention  upon,  visual  instruc- 
tional media."  (HDB  document  no.  415). 

Pcr‘foi’’iar.,-c  Criteria  Statements 

Performance  criteria  statements,  which  also  follow  the  Construction 
Specification  Institute  definition,  contain  descriptions  of  a facility's 
level  of  performance  required  to  satisfy  a habitability  requirement. 
Therefore,  while  the  requirement  contains  all  possible  data  about  the 
occupant  activities  and  expected  or  preferred  behavior,  the  criteria 
contain  all  possible  technical,  quantified  data  about  the  facility, 
facility  stimuli,  functional  setting,  and  facility  environments.  They 
also  contain  an  indication  of  the  occupant,  occupant  activity,  or  re- 
sponse for  which  the  facility  data  are  stipulated.  Performance  criteria 
include  measures  of  facility  dimensions  such  as  square  feet  of  floor 
space  per  person,  the  shape  of  the  space,  and  the  light  levels.  They 
specify  the  performance  of  a facility  which  is  to  be  built  and  standards 
against  which  the  performance  of  a facility  can  be  evaluated.  Figure  A5 
is  a diagram  of  criteria  statements.  Figure  A5  is  like  Figure  A4  (human 
requirement  statements)  except  the  "and's"  and  "or's"  are  switched,  and 
the  term  "measures  of"  is  added  to  dimension  of  the  facility  in  the 
facility  stimulus  box. 

An  example  of  a DA  performance  criterion  contained  in  the  data  base 
is  as  follows: 

(HDB  code  2,  col.  19)  "5-1.6  Provisions  for  the  physically 
handicapped:  unless  otherwise  required  for  a particular  func- 

tion, passenger  elevators  shall  not  be  provided  expressly  for 
the  physically  handicapped."  (HDB  document  no.  0008). 

An  example  of  a performance  criterion  from  a research  report  is  as 
follows : 

(HDB  code  2,  col.  19)  "Criteria:  Flexible  and  variable  light- 

ing systems  in  a classroom  can  exert  a catalytic  effect  in 
influencing  pupils  to  transfer  their  attention  to  visual  teach- 
ing aids,  and  can  oe  a significant  and  effective  augment  to  the 
cognitive  process."  (HDB  document  no.  415). 
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Figure  A5.  Performance  criteria  statements. 
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